Backlash in machines stabilized by control force by Kollar, László E.
University of Huddersfield Repository
Kollar, László E.
Backlash in machines stabilized by control force
Original Citation
Kollar, László E. (1998) Backlash in machines stabilized by control force. In: 1st Conference on 
Mechanical Engineering, 1998, Budapest, Hungary. (Unpublished)
This version is available at http://eprints.hud.ac.uk/17732/
The University Repository is a digital collection of the research output of the
University, available on Open Access. Copyright and Moral Rights for the items
on this site are retained by the individual author and/or other copyright owners.
Users may access full items free of charge; copies of full text items generally
can be reproduced, displayed or performed and given to third parties in any
format or medium for personal research or study, educational or not-for-profit
purposes without prior permission or charge, provided:
• The authors, title and full bibliographic details is credited in any copy;
• A hyperlink and/or URL is included for the original metadata page; and
• The content is not changed in any way.
For more information, including our policy and submission procedure, please
contact the Repository Team at: E.mailbox@hud.ac.uk.
http://eprints.hud.ac.uk/
 !"#$!%& '( )!"&'(*%
%+! '$',*-  . "/(+0/$ 1/0"*
 ! "! #$%%&'(
 !"#$%&!'% () *""+,!- .!/0#',/12 3!/0',/#+ 4',5!$1,%6 () 78-#"!1%2
9:;;;;< 78-#"!1%2 .=8!>6!%!& $?"< @< 3!+A B;CDEF ;FFG2 !&#,+A +#?(+H&&<I&!<08
 !""#$%
 !"#" $#" $ %&' &( )#&*%"+, -!". *$%$./0.1 $. 2.,'$*%" "320%0*#02+ &( +"/!$.0/$%
,4,'"+, ,'$*0%05"6 *4 /&.'#&% (&#/"7  0+" 6"%$48 6#090.1 '!#&21! "%$,'0/ *"%'8 *$/:%$,! $'
'!" 6#090.1;-!""% &( '!" ".10." 6",'$*0%05" +"/!$.0/$% ,4,'"+,7 <="/', &( '!"," ($/'&#,
-0%% *" ">$+0."6 0. '!0, )$)"#7
 !"#$%&'(#!%"
 !"#$%&' '()*&*%+*$ ,- .'/0$!*/$& "1"#'." ,-#'! 0$2' #, %' "#$%*&*3'4 %1 /,!#+,& -,+/'
*! .'/0$!*/$& '!5*!''+*!56 7 #18*/$& '9$.8&' ,- #0*" *" #0' %$&$!/*!5 ,- :$&;*!5 $!4
"#$!4*!5 +,%,#"6 <0' "*.8&'"# .,4'& ,- %$&$!/*!5 *" #0' *!2'+#'4 8'!4)&).6 =#$%*&*3$#*,!
,- #0' *!2'+#'4 8'!4)&). *" $ /0$&&'!5*!5 %$"*/ '9$.8&'> ", $ &,!5 "'+*'" ,- 8)%&*/$#*,!"
0$" $88'$+'4 *! "8'/*$&*3'4 &*#'+$#)+' *! #0' &$"# -,+#1 1'$+ ?"'' @A>B>C>D>EFG '*#0'+ $%,)#
*#" #0',+,#*/$& ,+ '98'+*.'!#$& $"8'/#"6
<0' "1"#'. :0*/0 '9'/)#'" /,!#+,&&*!5 *" /,!"*4'+'4 %1 $ /$+#6 <0' *!2'+#'4 8'!4)&).
$!4 #0' .,#,+ 4*"8&$1*!5 #0' /,!#+,& -,+/' *" 8&$/'4 ,! #0*" /$+# $!4 #0' .,#,+ 4+*2'" ,!'
,- #0' :0''&" ,- #0' /$+# #0+,)50 $ 4+*2*!5H%'&#6 I,!#+,&&*!5 *" '9'/)#'4 %1 $ /,.8)#'+
:0*/0 *" "*#)$#'4 ,)#"*4' #0*" /$+#6 <0'+' $+' #:, 5'!'+$& -$/#,+" :0*/0 *!J)'!/'" #0'
"#$%*&*#1 /,!4*#*,!"K "$.8&*!5 4'&$1 $!4 "#*L!'"" ,- #0' 4+*2*!5H%'&#6 M!/+'$"*!5 #*.' 4'&$1
$!4 '&$"#*/*#1 ,- #0' 4+*2*!5H%'&# #'!4" #, 4'"#$%*&*3' #0' '9$.*!'4 "1"#'.6
I,!"*4'+*!5 #0' %$/;&$"0 $# #0' 4+*2*!5H:0''& ,- #0' .,#,+> #0' /,++'/# :$1 ,- %$&$!/H
*!5 #0' )88'+ 8,"*#*,! ,- #0' 8'!4)&). *" *.8,""*%&'6 <0' 8'!4)&). ":*!5" :*#0 &*##&'
$.8&*#)4' $+,)!4 *#" '()*&*%+*).6 <0' "#$%*&*#1 4,.$*! *! #0' 8&$!' ,- #0' /,!#+,& 8$+$.H
'#'+" 4*4 !,# /0$!5'> %)# $! )!"#$%&' 3,!' 0$4 $88'$+'4 *! 80$"'H4*$5+$.6 <0' #+*2*$&
",&)#*,! *" $! )!"#$%&' '()*&*%+*).> %)# #0'+' *" $ "#$%&' /&,"'4 ,+%*# :0*/0 4'#'+.*!'"
#0' .,2'.'!# ,- #0' 8'!4)&). $+,)!4 *#" '()*&*%+*).6
M! #0' ")%"'()'!# /0$8#'+" #0' "#$%*&*#1 /0$+#" *! #0' 8&$!' ,- #0' /,!#+,& 8$+$.'#'+"
$+' /,!"#+)/#'4 *! /$"' ,- "*.8&' *!2'+#'4 8'!4)&). N+"#> #0'! *! /$"' ,- 4+*2*!5 "1"#'.6
<0' *!J)'!/' ,- #0' '&$"#*/*#1 ,- #0' 4+*2*!5H%'&# *" /,!"*4'+'4 $!4 #0' "#$%&' /&,"'4 ,+%*#
*! 80$"'H4*$5+$. *" *!2'"#*5$#'46
) #*+ !",+$#+& -+"&'.'/
<0' "*.8&'"# 8,""*%&' .,4'& ,- %$&$!/*!5 *" #0' *!2'+#'4 8'!4)&). "0,:! *! O*5)+' A @P>QF6
<0' "1"#'. 0$" B 4'5+''" ,- -+''4,. 4'"/+*%'4 %1 #0' 5'!'+$& /,,+4*!$#'">  $!4 !6 <0'
$!5&' ! $!4 #0' $!5)&$+ 2'&,/*#1 R! *" 4'#'/#'4 $!4 #0' /,!#+,& -,+/' " *" 4'#'+.*!'4 %1
#0'. *! $ :$1 #0$# #0' )88'+ 8,"*#*,! ,- #0' 8'!4)&). "0,)&4 %' $"1.8#,#*/$&&1 "#$%&'6
<0' !,!&*!'$+ '()$#*,!" ,- .,#*,! $"").' #0' -,+.
 
#
 
!
#$ /,"!
 
!
#$ /,"!
 
"
#$
!
! 
S 
S!
!
 
 
 
!
#$ R!
!
"*!!
 
!
#%$ "*!!
!
T
 
"
U
!
& ?AG
 !"#$% &'  !" #$%&'" $()"*+", &"(,-'-% %.,"' /(, $+# #+/0$'$+1 %/&
()*%$ *+% ,-"%.$,!/ %-!0!1,*!21 2) 3 4 *+% -!1%,$!5%6 %7#,*!21 2) 02*!21 ,88#0%8 *+%
)2$0'
3! 
9"
#
! :  
9
$#
% & ;<=
>+% /21*$2- )2$/% % !8 6%*%$0!1%6 ,8 )2--2?8'
% ;'= ! (! ;'
 
 )= @* A! ;'
 
 )= + ' " B,)+ ;, @ &= )= + ;C=
?+%$% ) !8 *+% 8,0D-!1" 6%-,EF
>+% 8*,.!-!*E ,1,-E8!8 /,1 .% /,$$!%6 2#* .E *+% G2#*+HI#$?!*5 /$!*%$!21F J) ) : K4
*+%1 *+% *$!L!,- 82-#*!21 2) ;<= !8 ,8E0D*2*!/,--E 8*,.-% !) ,16 21-E !) ( - $" ,16 * - KF
J) ) - K4 *+%1 *+% *$!L!,- 82-#*!21 2) ;<= !8 ,8E0D*2*!/,--E 8*,.-% !) ,16 21-E !) ( - $"
,16 .
 
- K4 ?+%$% .
 
!8 *+% 0,M!0#0H8!5%6 I#$?!*5H6%*%$0!1,1*4 ?% 2.*,!1 ,)*%$ *+%
82H/,--%6 N2%.!#8H*$,18)2$0,*!21F >+%8% 8*,.!-!*E /216!*!218 ,$% $%D$%8%1*%6 !1  !"#$% &F
>+%$% ,-?,E8 %M!8*8 D,$,0%*%$8 (+* 8#/+ ,8 *+% *$!L!,- 82-#*!21 2) ;<= !8 ,8E0D*2*!/,--E
8*,.-% !) ) / )
!"
4 ,16 !* !8 #18*,.-% )2$ ,1E (+* !) ) - )
!"
F >+!8 L,-#% /,1 .% 6%*%$0!1%6
)$20 ,DD-E!1" %7#,*!218 !1 *+% 8*,.!-!*E /216!*!218'
)
!"
:
 
#
9"
-1
C @
#
O
<
& ;P=
>?2 /20D-%M /21Q#",*% $22*8 *#$1 #D !1 *+% $!"+* +,-) 2) *+% /20D-%M D-,1%4 ,16 *+!8
$%)%$8 *2 , I2D) .!)#$/,*!21 $%8#-*!1" D%$!26!/ 02*!21 ,$2#16 *+% 6%8!$%6 %7#!-!.$!#0F >+%
28/!--,*!21 )$%7#%1/E !8 *+% !0,"!1,$E D,$* 2) *+% /+,$,/*%$!8*!/ $22* ,* *+% -288 2) 8*,.!-!*EF
 !"#$%&$' ($"')*)+ ," - .-%&
J1 *+% D#$D28% 2) 6%8/$!.!1" , $%,-!8*!/ .,-,1/!1" 8E8*%04 *+% !1L%$*%6 D%16#-#0 !8 D-,/%6
21 , /,$* ,8 !* /,1 .% 8%%1 !1  !"#$% < BRSF >+% 02*2$ 6$!L%8 21% 2) *+% ?+%%-8 2) *+!8 /,$*
*+$2#"+ , 6$!L!1"H.%-* ?!*+ 8*!T1%88 0F >+% 8E8*%0 +,8 C 6%"$%%8 2) )$%%620 6%8/$!.%6 .E
*+% "%1%$,- /22$6!1,*%84  + ! ,16 1F >+% ,1"-% ! 2) *+% D%16#-#0 ,16 *+% 6!8D-,/%0%1*
 2) *+% /,$* ,$% 6%*%/*%6 *2"%*+%$ ?!*+ !*8 6%$!L,*!L%8F
U,/V-,8+ ,DD%,$8 !1 *+% 8E8*%0 ,8 , 121-!1%,$ 8D$!1" /+,$,/*%$!8*!/F (88#0% *+%
,-21",*!21 2) *+% 8D$!1" !8 WF >+% )2$/% !1 8D$!1" !8 *+% )#1/*!21 2) W'
2
"
:
!
"
#
0 ;W @ 3
!
= W $  3
!
K %W% / 3
!
0 ;W 3
!
= W & 3
!
+ ;O=
 !"#$% &'  !" #$%"&'"( )"$(*+*, -$ . /.&' .$( #'0 0'.1#+#'2 ,.)
()%$%  
 
!* +)% ,-.#% /0 1-23.-*)4
5)% 2/6+$/. 0/$2% !* 7%+%$8!6%7 19 +)% 8/+/$ 2)-$-2+%$!*+!24 5)% 7$!,!6":8/8%6+ !*
.!6%-$.9 ;$/;/$+!/6-. +/ +)% ,/.+-"% /0 +)% 8/+/$ -67 !6,%$*%.9 ;$/;/$+!/6-. +/ +)% -6"#.-$
,%./2!+9'
!
 
< "#
 
 $
=
% &
#
 
< '
!
(>)
!
=(> '
"
*>)
"
=* +
?@A
 !" #$%&%'( )*$+,(* $%(%- ./0)
B0 +)% 1%.+ !* !7%-..9 $!"!7C +)%6 * 7%+%$8!6%* % %,!7%6+.94 5)% *9*+%8 !* $%7#2%7 +/ -
*9*+%8 (!+) & 7%"$%%* /0 0$%%7/84 5)% .!6%-$!D%7 %E#-+!/6* /0 8/+!/6 -**#8% +)% 0/$8'
 
, >! >
!
"
,
 
#
 
 
$
 
 
!
"
,-
!
"
,-
!
#
,-
"
!
"
F*
F(
#
>
"
G G
G  
!
"
,.-
#"
*
(
#
<
"
/
G
#
& ?HA
()%$% +)% 2/6+$/. 0/$2% )-* +)% 0/$8
/ <
 
%
 
 
0
%
" ?'
!
(>)
!
=(> '
"
*>)
"
=*A $
 
"
%
 
"
 
0
"
%
=* + ?IA
5)% *9*+%8 2-6 1% *+-1!.!D%7 !0 +)% 7!*;.-2%8%6+ /0 +)% 2-$+ !* 6/+ 7%+%2+%7 -67 +)%
7!J%$%6+!-. "-!6 /0 +)% 2-$+ %.!8!6-+%* +)% 7-8;!6" /0 +)% 8/+/$4 5)%6 +)% 2/6+$/. 0/$2%
!* *!8;.!K%7 +/'
/ <
 
%
 
 
0
%
" ?'
!
(>)
!
=(A + ?LA
5)% +$!,!-. */.#+!/6 /0 ?HA !* -*98;+/+!2-..9 *+-1.% !0 -67 /6.9 !0
'
!
1
M
"
$
?,>!A .
 
 
0
%
 
%
>
M
&
,
 
.
 
 
 
%
0
%
%
& )
!
1 G +
5)% *+-1!.!+9 7/8-!6 !* *)/(6 !6  !"#$% &4
      
 
    
 
     
 
    
 
     

     
    
     
    
 
   
 
  
 
                  
 

	 

 

             
 !"#$% &'  !"#$ %&"'(") *+
(
) ) ,-"+$
 !" #$%&%'( )*$+,(* -./0)%1 2-.)
*+ ,-% .$!/!0"12%3, !4 %354,!67 ,-%0 ,-% %8#5,!904 9+ :9,!90 9+ ,-% 4;4,%: <!,- & .%"$%%4 9+
+$%%.9: 544#:% ,-% +9$:'
 
!
 =!
 
!
 " >
 
!
 "
 
"
 "
!
>
> >
 
!
 
 
#
!
 
"
#
 
!
?$
?%
?
&
"
#
=
 
!
'
!
 
"
 
>  '
!
!
!
 
"
 
>  
 
!
 (" >
 '
!
!
!
 
"
 
> '#
!
 
"
#
 
!
$
%
&
"
#
@
 
!
>
>
)
"
#
*
AB>C
D-% ,$!/!53 493#,!90 9+ ,-!4 4;4,%: !4 54;:E,9,!6533; 4,523% !+ 50. 903; !+
' +
& A =!C 
 
(
$
 = F! = G 
 
!
 
 
"
 
 
%
"
, -
#
+
B
.
&'
 =! =
B
G
 
 
#
!
$
/
!
$
(
(
#
 
/
$
#
$
)
, 0
"
+ > *
D-% 4,52!3!,; .9:5!0 6904,$#6,%. 5669$.!0" ,9 ,-% +9$:%$ !4 4-9<0 !0  !"#$% GH
 ! 3/14./0* %' )*- -./0)%1 2-.)
I904!.%$!0" ,-% 256J354- !0 ,-% 4;4,%: ,-% %8#5,!904 9+ :9,!90 <!33 6-50"% 5669$.!0" ,9
,-% 0903!0%5$ 4E$!0" 6-5$56,%$!4,!6 ,-5, !4 65#4%. 2; #
#
!@ >H K%< 6904,50, %LE$%44!904
5EE%5$ ,-5, :%504 4-!+,!0" 9+ ,-% 493#,!904H D-% 4,52!3!,; .9:5!0 .9%4 09, 6-50"% 2#,
!, !4 /53!. 903; !+ ")" + #
#
H M,-%$<!4%7 ,-% 4;4,%: !4 N#4, !0 256J354-7 49 !, 65009, 2%
4,52!3!O%.7 2%65#4% 690,$93 +9$6% !4 09, .!4E35;%. !0 ,-!4 3!,,3% .9:5!0H D-% 4;4,%: !4
$%.#6%. ,9 5 4;4,%: <!,- G .%"$%%4 9+ +$%%.9:7 !+ 5 0%< "%0%$53 699$.!05,% !4 !0,$9.#6%.H
D-!4 !4 ,-% 5390"5,!90 9+ ,-% 4E$!0"'
) @ #
 
&  
#
$
/
$
$ * ABBC
PEE3;!0" ,-!4 0%< "%0%$53 699$.!05,% ,-% 3!0%5$ %8#5,!904 9+ :9,!90 544#:% ,-% +9$:'
*
$ %%& 
!
!
!
!
 
  
!
&!
!
!
 
'"
 
>
 &
 
"
 
 
 
&
 
'$ %%&
+
'
?
)
?%
(
=
*
A =!C '#
 
=
 
!
!
!
!
 
 
!"
 
 
' >
 &!
 
!$ %%&"
 
'  
 '&
!
+
'
)
%
(
@
@
*
A =!C)# A =!C '#
 
#
#
#
 
!
!
!
!
 
 
!"
 
 
'#
#
#
 &!
 
!
!
!$ %%&"
 
'
+
* ABGC
 !"#$%&!' ()*$ $+$(,' &% ,-."(*&#$ (& %&.! /!$( &!0,! 0*1,!,#(*"2 ,-."(*&#$3 4&&($ &%
(), 5)"!"5(,!*$(*5 ,-."(*&# "!, ,*6,#7"2.,$ &% (), 5&,Æ5*,#( '"(!*9 &% ()*$ $+$(,'3  ),!,
"!, (:& !,"2 "#0 (:& 5&';2,9 5&#<.6"(, !&&($3 =%  
 
"#0 !
 
"!, 5)&&$,# %!&' (), $(">*2*(+
0&'"*#? (),# (), !,"2 ;"!($ &% "22 ,*6,#7"2.,$ "!, #,6"(*7,3  !"<,5(&!*,$ %&!' $(">2, %&5.$
"!&.#0 (),
 
"# @"#A#
@
A
!
B CD# D# $
 
# DE ,-.*2*>!*"3
=% (), $+$(,' *$ <.$( *# >"5F2"$)? (),# 5&#(!&2 %&!5, *$ #&( 0*$;2"+,0? (), $(*1#,$$ &%
0!*7*#6G>,2( *$ D3 4&&($ &% (), 5)"!"5(,!*$(*5 ,-."(*&# "!, ;&$*(*7, "#0 #,6"(*7, !,"2$ *#
()*$ 5"$,3  !"<,5(&!*,$ %&!' $"002, "!&.#0 (), CD# D# D# DE ,-.*2*>!*.'3
 )!,, 52&$,0 &!>*($ 5"# >, %&.#0 "%(,! (), ,9"'*#"(*&# &% (), ;)"$, ;2"#, HIJ3  ),!,
"!, " $(">2, "#0 (:& .#$(">2, 2*'*( 5+52,$3 K*6.!, L $)&:$ " (!"<,5(&!+ &# (),
@
A ! A
;2"#,3  )*$ (!"<,5(&!+ $;*!"2$ %!&' &.($*0, (& (), $(">2, 2*'*( 5+52,3  ), ;)+$*5"2 ',"#*#6
&% ()*$ !,$.2( *$ (), &$5*22"(*&# &% (), $(*5F "!&.#0 (), CD# D# D# DE ,-.*2*>!*.'3
 ),!, "!, .#$(">2, 2*'*( 5+52,$ "!&.#0 (), CD# D# $
 
# DE ,-.*2*>!*"3  ), ;)+$*5"2 ',"#G
*#6 &% ()*$ !,$.2( *$ ()"( (), 5&#(!&2 %&!5, 0&,$ #&( ;.$) (), $(*5F %.!(),! ()"# (), 7,!(*5"2
2*#, "#0 (), $(*5F &$5*22"(,$ :*() 2,$$ "#0 2,$$ "';2*(.0, &# &#, $*0, &% (), 7,!(*5"2 ;&G
$*(*&#? *% (), *#*(*"2 5&#0*(*&#$ "!, *#$*0, (), .#$(">2, 2*'*( 5+52,3  )*$ *$ " 7,!+ 2*((2,
0&'"*#? *( *$ 0*Æ5.2( (& 0,(,5( *(3
 !"#!$%&'"#&
=( *$ F#&:# ()"( *#5!,"$*#6 (*', 0,2"+ (,#0$ (& 0,$(">*2*M, 0+#"'*5"2 $+$(,'$3 N&:,7,!?
()*$ *$ #&( (), &#2+ ;!&>2,' *# >"2"#5*#6 $+$(,'$3 =#5!,"$*#6 ,2"$(*5*(+ &% (), 0!*7*#6G>,2(
5".$,$ *#$(">*2*(+? "#0 >"5F2"$) "( (), 0!*7*#6G:),,2 5".$,$ &$5*22"(*&# &% (), $(*5F "!&.#0
(), ,-.*2*>!*.'3 O"5F2"$) >,)"7,$ "$ " $;"(*"2 0,2"+3
()*+,-./01/2/+3
 )*$ !,$,"!5) :"$ $.;;&!(,0 >+ (), N.#6"!*"# P5*,#(*/5 4,$,"!5) K&.#0"(*&# .#0,! 6!"#(
#&3 Q RS  DTIUVV3  ), ".()&! ()"#F$ (& W!&% XY">&! P(Y,;Y"# %&! .$,%.2 5&'',#($ "#0
%&! '"#+ ),2;%.2 0*$5.$$*&#$3
4/5/6/+)/7
HTJ N*60&#? Z3  3? ["##&#? 43 N3? Q# (), 5&#(!&2 &% .#$(">2, '.2(*;2,G&.(;.( ',5)"#*5"2
$+$(,'$?  !"# $%&'()*+(,-./ 89:;(: <= CT\ULE TGTV3
HVJ ]&!*? P3? ^*$)*)"!"? N3? K.!.("? R3? [&#(!&2 &% "# .#$(">2, ',5)"#*5"2 $+$(,'? 0-+1 21
3,-+4,' >9 CT\IUE UILGU\V3
HLJ P(Y,;Y"#? X3? S '&0,2 &% >"2"#5*#6? $54(,6()* $,'7+5)8-()* >< CT\_`E T\aGT\\3
H`J N,#0,!$? ]3 X3? P&#0"5F? S3 [3? b=#G(),G2"!6,b >,)"7*&.! &% "# *#7,!(,0 ;,#0.2.' :*()
2*#,"! $(">*2*M"(*&#? 0-+1 21 ,9 :,-'(-5*4 "*)8*-(). >?= CT\\VE TV\GTL_3
HaJ R":"M&,? c3? ]"#."2 5&#(!&2 "#0 5&';.(,! 5&#(!&2 &% "# *#7,!(,0 ;,#0.2.' &# " 5"!(?
$4,)1 ;.+ 0-+1 3,-91 ,- ",+(,- *-6 <(&4*+(,- 3,-+4,'/ ;;3 \LDG\La? c&F&)"'"? T\\V3
HUJ P(Y,;Y"#? X3? O"2"#5*#6 :*() 4,d,9 Z,2"+? =(,>5)8*-(). (- !?,4+. @00/ A%-B*4(*-
C-(D54.(+7 ,9 $87.()*' #6%)*+(,-/ ;;3 LI\GL_V? O.0";,$(? T\\`3
HIJ eY&!Y"#(? X3? P(Y,;Y"#? X3?  ), 4&2, &% ^&#Ge*#,"!*(*,$ *# (), Z+#"'*5$ &% " P*#62,
4"*2:"+ f),,2$,(? "*)8(-5 <(&4*+(,- @= CT\\UE T_GVU3
H_J g#*F&7? g3? P(Y,;Y"#? X3? ]*5!&G[)"&(*5 ]&(*&# &% Z*6*("22+ [&#(!&22,0 ]"5)*#,$? 21 ,9
<(&4*+(,- *-6 3,-+4,'/ "55,;(,0 *# T\\I3
